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ABSTRACT
We report the discovery of a very low-mass companion to HIP 45314 (HR 3672)
located about 2.7′′ north-west of HR3672A. With four years of epoch difference be-
tween the two observations obtained with the Very Large Telescope we can reject
by more than 4 σ that B would be a non-moving background object unrelated to A.
HR3672A is a B 7-8 main sequence star with an age of 140± 80Myr and from the
magnitude difference between HR3672A and B and the 2MASS magnitudes, we can
estimate the magnitude of HR3672B (Ks = 12.42± 0.28mag) and then, for age and
distance of the primary star, using models, its luminosity and mass (0.2− 0.5M⊙).
We present a reanalysis of the probable membership of HR3672A to the Platais 9
cluster, and introduce a new method for astrometric calibration of data without ded-
icated calibration images. In the deepest available image (co-add of all epochs) no
additional companion candidates within 13′′ were detected down to 0.03M⊙.
Key words: Astrometry - binaries: visual - stars: individual: HR 3672 - open clusters
and associations: individual: Platais 9.
1 INTRODUCTION
It is still not clear, whether massive stars form preferentially
by accretion of material through a circumstellar disk or
by coagulation of lower mass stars in a multiple system.
Maybe, both ways of formation are possible, then it is
still unknown, how often each of the two channels is
chosen by nature. High and intermediate mass stars very
often are multiple (Zinnecker & Yorke 2007) with a binary
fraction of 70 to 90 % (Pfalzner & Olczak 2007; Ostrov
2002). Yet, for many high and intermediate mass stars,
no deep and sensitive multiplicity survey has been done.
In particular, only few of these stars have been observed
so far by AO imagers, which can find very faint, maybe
sub-stellar, companions also at a separation range (roughly
0.1 to few arc sec, i.e. long orbital periods), which is not
reachable for spectroscopic surveys (short periods). This
object is part of our study of multiplicity of B-type stars in
European Southern Observatory (ESO) archival Adaptive
Optics (AO) imaging data. With this project we can study
the statistical aspects of multiplicity among intermediate
mass stars, analyse their distribution with respect to mass
and separation and obtain constraints on the underlying
processes in their formation. Here we show first results of
⋆ Based on data products from observations made with ESO Tele-
scopes at the La Silla Paranal Observatory under programme IDs
074.D-0180(A) and 080.D-0348(A).
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our project.
The star HIP 45314 (also called HR3672, distance
161.3 ± 6.7 pc at α(J2000) = 09h14m08.s2 and
δ (J2000) = −44◦08′45′′ according to van Leeuwen (2007),
V = 5.839mag according to Simbad) is located in the
Vela constellation. Platais et al. (1998) identified HR3672
as a possible member of the open cluster HIP 45189 (no
probability of membership given) with an age of ∼ 100Myr
(for details, see Secion 4.3). The spectral type of HR3672 is
B6IV according to Simbad, but as reported in the literature
by different authors (and summarized e.g. by Skiff 2010),
mainly yielded spectral types between B4V and B7V (see
Sec. 4.2 and Sec. 4.3). The star is also suspected to be vari-
able with an amplitude in V of 0.05mag (Kukarkin et al.
1981).
We also use this object exemplary to introduce an alterna-
tive method for the astrometric calibration (self-calibration
of pixel scale and detector orientation) of data by using the
science images instead of extra recorded calibration binaries
or clusters.
The order of this paper is as follows. In Sec. 2 the ob-
servations and data reduction are presented. A detailed
description of the self-calibration for astrometry is given
in Sec. 3. Furthermore we show the result of the common
proper-motion pair analysis in Sec. 4.1 and the age and mass
estimation for HR3672 A and B in Sec. 4.3 and Sec. 4.4,
respectively. The limits on detection of further companions
are explained in Sec. 4.5 and the conclusions are collected
in Sec. 5.
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Table 1. Observations log
Epoch Optics & Filter DIT [s] NDIT N FW
2004-12-16 S27/KS +NDShort 0.3454 149 9 90
2008-02-15 S27/KS +NDShort 1.0 50 9 101
Note. With detector integration time (DIT), the number of de-
tector integrations per frame (NDIT), the total number of frames
(N), and the full width (FW) at half maximum in milli arc seconds
are given.
2 OBSERVATIONS AND DATA REDUCTION
The data presented here are part of an archival search for un-
known companions of B-type stars within 1 kpc. We reduced
all publicly available data of B-type stars taken with the
Adaptive Optics camera NACO (for Nasmyth Adaptive op-
tics system with the COude near-infrared imager and spec-
trograph, Rousset et al. 2003; Lenzen et al. 2003) located in
a VLT/UT4 (Yepun) Nasmyth focus.
The data-set of HR3672 consists of two epochs, one
observed in 20041 with a total integration time of 7.7min,
and one from 20082 with a total integration time of 7.5min
(for details see Table 1). In addition calibration data, i.e.
darks with same exposure time as science frames, and
lampflats with same filter as science frames, were taken
from archive. Master-dark and flat field images for each
epoch were created with esorex3, which is part of ESO’s
Common Pipeline Library4 (CPL). After removal of bad
pixel with IDL/sigma_filter (Landsman 1993) from each
science image, darks and flats were applied using ESO
ECLIPSE/jitter5 . Finally we co-added all images with
esorex, using the provided shift+add procedure. The fully
reduced image, taken in December 2004, is shown in Fig-
ure 1.
To obtain the position of HR3672 A and its companion
candidate (henceforth, B) for all epochs we used MIDAS cen-
ter/gauss (Warmels 1992) on the reduced images. Neither A
nor B are saturated.
In order to determine the spectral type of HR3672 we also
used a well exposed, so far unpublished spectrum of the star,
which was obtained by the International Ultraviolet Ex-
plorer (IUE) on 1993 Feb 13th. The spectrum was taken with
IUE’s short-wavelength spectrograph (1150-1980 A˚) and its
prime camera (SWP) in the high resolution mode (∆λ ∼
0.2 A˚, and an average dispersion of about 0.04 A˚/pixel), us-
ing the large aperture (slot width 10 ′′ × 20 ′′). The total
integration time of the spectrum is 434.865 s.
3 ASTROMETRIC CALIBRATION
Usually astrometric calibrations are obtained from bina-
ries or clusters with known separations and position angles,
1 Public data from the ESO data archive, taken in ESO program
074.D-0180(A)
2 Public data from the ESO data archive, taken in ESO program
080.D-0348(A)
3 http://www.eso.org/sci/software/cpl/esorex
4 http://www.eso.org/sci/software/cpl
5 ESO C Library for an Image Processing Software Environment.
Figure 1. VLT-NACO S27 image of HR3672 and its faint com-
panion candidate (∆Ks = 6.4mag) taken on 2004-12-16 in Ks-
band. The total integration time is 7.7min. Since the companion
candidate is found to be co-moving (Sec. 4.1), we can call it B.
which are observed with the same setup in the same night.
In some cases neither calibration binaries nor clusters were
observed for a data-set or it is very time-consuming to find
adequate calibrations. In these cases it is still possible to
achieve an acceptable astrometric calibration using a tech-
nique which we call self-calibration. A first limited usage
was performed in Schmidt et al. (2008) and Neuha¨user et al.
(2010). In this section we now give a detailed description of
the approach to this method using the example of HR3672.
The basic idea of the self-calibration is to obtain the
pixel scale (PS) and the rotation angle (θ) of the detector
from the science images itself using the non-shifted and non-
added reduced images. Two information’s are needed for the
calculation:
(1) position of objects on the detector xi, yi in pixel-units
(2) RA and DEC coordinates of the telescope pointing,
stored in the FITS-header keywords CRVAL1 and CRVAL2
For object detection we first used SExtractor
(Bertin & Arnouts 1996) to get a raw position of the
objects on the detector. We then passed the results to
IDL/starfinder (Diolaiti et al. 2000) to obtain a more ac-
curate object detection. From the resulting set of pixel po-
sitions {xi, yi}k (k = 1 ...N, where N is the total number
of frames) we than calculate the shift of an object on the
detector between each frame by
∆x
i 6=j
= xi − xj, ∆y
i 6=j
= yi − yj.
The result is a new set of variables {∆x,∆y}nm=1 in which
the number of sets n is given by
n =
N(N− 1)
2
.
Hence, for HR3672 (N = 9 for both epochs as number of
frames, i.e. of different telescope offsets) we get n = 36 pairs
of values, assuming that at least one object, namely the
brightest, was detected in each frame. The set of coordi-
nate values {∆RA,∆DEC}nm=1, which gives the shift of the
telescope pointing, is calculated by
c© 2012 RAS, MNRAS 000, 1–10
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Figure 2. Schematic diagram for the rotation angle of the detec-
tor θ. The points P1 and P2 indicate the position of the object in
two frames. The difference between the frames in detector coor-
dinates is shown by ∆x, ∆y and their corresponding angle β, as
well as the difference in world coordinates (∆RA, ∆DEC) with
the angle γ. The rotation angle θ is calculated as difference of β
and γ; this angle gives the detector orientation.
∆RA
i 6=j
= −(RAi −RAj) cos(DEC)
and
∆DEC
i 6=j
= DECi −DECj,
where DEC is the average of DECi and DECj, and
cos(DEC) is the cosine-correction between the 3D world
coordinate system (WCS) and the 2D image coordinate sys-
tem. From this we then can derive the separation DDet. on
the detector and DWC, the separation in world coordinates,
by taking the root of the sum of squares. The pixel scale is
then given by
PSm =
DWC,m
DDet.,m
form = 1...n. (1)
For the calculation of the detector rotation angle θ we
use the fact that the amount of de-rotation is given by the
difference of the rotated detector, here labelled as β, against
the angle of the non-rotated world coordinate system, la-
belled as γ. Fig. 2 shows a scheme of the de-rotation of the
two coordinate systems. Hence, we get
θm = βm − γm form = 1...n, (2)
where βm and γm are given by
βm = arctan(
∆y
∆x
), γm = arctan(
∆DEC
∆RA
).
From this sample of data we excluded those values by
3σ-clipping, whose deviations are > 3σ around the mean.
In Fig. 3 (upper panel) we show the result from the pixel
scale calculation for December 2004 as function of the mea-
surement number. All errors are calculated by largest error-
estimation. Since this method is based on relative distances,
we use the tracking-error of the VLT/UT4 (Yepun) of 0.1′′6
for error estimation. Furthermore we calculated the weighted
6 RMS of tracking-error for all VLT/UTs according to ESO
Figure 3. We show the results from the self-calibration method.
In the upper panel we show the pixel scales and the weighted
mean of the values (µw); the distribution of the data-set (mid-
dle panel), with bin-sizes calculated by Freedman-Diaconis choice
(Freedman & Diaconis 1981) and errors from deviation of re-
sampled data-points with 15000 iterations. The lower panel shows
the histogram of the artificially increased sample with 50000 iter-
ation steps using Monte-Carlo. The best fit for normal distributed
values is indicated by the (red) dashed line, with the mean pixel
scale µmc = 27.025 ± 0.090mas/pixel.
mean of the data-set (full and dashed lines in Fig. 3 up-
per panel) and show the distribution of the data (middle
panel). Because the number of data is a low-number statis-
tic we artificially increased the sample with a Monte-Carlo
simulation (for details of principal see, e.g. Wall & Jenkins
(2003)) with 50000 iterations. We assumed that the under-
lying distribution is a Gaussian. To test the significance of
the null hypothesis we used a Shapiro-Wilk test for normal-
ity (Shapiro & Wilk 1965). The results show that the null
hypothesis can be accepted at a significance level of > 95%.
With this assumption we generated normal distributed val-
ues including the errors from our data-set, which gave us
the final result (mean and standard deviation) for the pixel
scale PS and the detector rotation angle θ shown in Tab. 2.
To test our self-calibration technique we use six data-
points published in Neuha¨user et al. (2008) calibrated with
the binary HIP 73357, all with NACO S 13. We re-reduced
the science data and used our method to calculate pixel
scale and detector orientation for each epoch. The results
are shown in Tab. 3. The comparison of the two methods
c© 2012 RAS, MNRAS 000, 1–10
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Table 3. Comparison of our new self-calibration for GQ Lup with normal astrometric calibration with a binary
GQ Lup (Neuha¨user et al. 2008) this work, self-calibration
Epoch PS [mas/pixel] θ [◦] PS [mas/pixel] θ [◦]
2005-05-27 13.240 ± 0.050 0.21± 0.33 13.221 ± 0.059 0.23± 0.24
2005-08-08 13.250 ± 0.052 0.35± 0.34 13.279 ± 0.056 0.14± 0.24
2006-02-22 13.238 ± 0.053 0.18± 0.35 13.205 ± 0.063 0.12± 0.28
2006-05-20 13.233 ± 0.055 0.39± 0.36 13.172 ± 0.049 0.22± 0.23
2006-07-16 13.236 ± 0.055 0.43± 0.36 13.241 ± 0.059 0.06± 0.22
2007-02-19 13.240 ± 0.059 0.34± 0.38 13.304 ± 0.128 0.06± 0.55
Table 2. Results of self-calibration for HR3672
Epoch Optics PS [mas/pixel] θ [◦]
2004-12-16 S27 27.025±0.090 0.033±0.191
2008-02-15 S27 27.200±0.104 0.017±0.218
Note. We list the pixel scale (PS) and the rotation angle (θ) of
the detector and their uncertainties for the used epochs.
shows that the results for the pixel scale and detector ori-
entation are consistent within the 1σ errors. The errors on
the detector orientation for our new self-calibration method
are in most cases smaller than in Neuha¨user et al. (2008),
but possible NACO field distortions could not be considered
in our self-calibration. The fact that the pixel scale values
on the GQ Lup data obtained from self-calibration scatter
more than in Neuha¨user et al. (2008) points to field distor-
tions. Such distortions could be larger in S27 than in S13.
But overall, our self-calibration should be consistent within
the errors.
The presented method can be used in principal for all imag-
ing techniques which use a dither method, but the accuracy
of the results is strongly dependent on the tracking accuracy
of the telescope, i.e. a ten times larger tracking-error for ex-
ample would result in a ten times larger error in the rotation
angle. Therefore this self-calibration should only be consid-
ered as rough estimation for data-sets without astrometric
calibrators.
4 RESULTS
4.1 Astrometry
With the results of the self-calibration (see above) we get
the separation ρ on the detector and the true, corrected
position angle (PA) for HR3672A and its companion can-
didate, listed in Tab. 4. The companion candidate is located
≈ 2.73′′ north-west of HR3672A (PA ≈ 336.7◦). To check
for common proper motion and orbital motion we use the
astrometric data from Simbad: Proper motion µα cos(δ) =
−24.77±0.27 mas/yr and µδ = 13.10±0.20 mas/yr, distance
pi = 6.20 ± 0.27mas (or 161.3 ± 6.7 pc), from van Leeuwen
(2007). Applying the Smith-Eichhorn (Smith & Eichhorn
1996, equation 21 therein) correction (to obtain the more
reliable expectation value), we derive pi = 6.26± 0.27mas or
159.7 ± 6.6 pc, respectively. The calculations presented here
are done using this corrected parallax, but the results are
almost identical for the Hipparcos parallax without Smith-
Eichhorn correction.
Figure 4. Plot of separation versus time-difference (in days) be-
tween observations for data listed in Tab. 4. Shown are the ex-
pected orbital motion for a circular edge-on orbit (dotted line);
the background-hypothesis (full line), i.e. the expected change
in separation assuming that the faint companion candidate is
a non-moving background object, with errors including parallax
and proper motion errors. The data point is inconsistent with the
background hypothesis by a significance of 4σ and consistent with
common proper motion (within dashed lines).
Figure 5. Plot of position angle versus time-difference (in days)
between observations for data listed in Tab. 4. Shown are the
expected orbital motion for a circular pole-on orbit (dotted line);
the background-hypothesis (full line), i.e. the expected change in
position angle assuming that the faint companion candidate is
a non-moving background object, with errors including parallax
and proper motion errors. The data point is inconsistent with the
background hypothesis by a significance of 6σ. The PA values are
deviant by about 2σ, possibly due to orbital motion.
c© 2012 RAS, MNRAS 000, 1–10
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Table 4. Astrometry of HR3672A and its companion candidate
Epoch ρ [′′] ρbg [
′′] sbg [σ]
2004-12-16 2.722±0.009 2.812±0.021 4.0
2008-02-15 2.742±0.021 - -
Epoch PA [◦] PAbg [
◦] sbg [σ]
2004-12-16 337.018±0.192 335.208±0.218 6.2
2008-02-15 336.331±0.218 - -
Note. Shown are the separation ρ and the position angle PA
(measured from North over East) of the companion candidate
(B) with respect to HR3672A, the expected separation (ρbg) and
position angle (PAbg) if B would be a non-moving background ob-
ject, and probability (sbg, in Gaussian σ) at which the hypothesis
of a non-moving background object can be rejected.
In the Figs. 4 and 5 we show the data from Tab. 4.
We can reject the hypothesis that the companion candi-
date to HR3672A is a non-moving background object by
4σ&6σ for the given epoch difference of 4 yr, and so we
regard HR3672A and B as common proper motion pair.
At the distance of HR3672 the projected physical separa-
tion of HR3672 A+B would be 438 ± 25AU. We also show
the expected maximum orbital motion for a circular orbit
of HR3672B around A, being . 2.4mas/yr change in sep-
aration for an edge-on orbit (Fig. 4) and . 0.08 ◦/yr change
in PA for a pole-on orbit (Fig. 5). The coverage of the or-
bit (period 4400 yr for circular orbit) from the two epochs
is < 0.1% so that we only can propose that HR3672B is
orbiting around A. It is still possible that the two objects
are uncorrelated, showing a similar 2D motion on sky. The
PA values are deviant by about 2 σ, possibly due to orbital
motion.
4.2 Spectral Classification of HR3672A
To determine the mass of the companion, we need to know
well the age and spectral type of the primary. Depending
on literature, the given spectral type of HR3672 varies from
B4V to B7V, see Buscombe (1969); Thackeray et al. (1973);
Walker (1973); Cucchiaro et al. (1977); Houk (1978). In con-
trast to the other authors Hiltner et al. (1969) gives B6IV,
i.e. lists HR3672 as non-main sequence star. This is not suf-
ficient precise, so that we try to determine its spectral type
with more precision.
In the spectral range, covered by the IUE observations
(1150-1980 A˚), the slope of the spectral continuum is ex-
pected to flatten from early to late type B stars, while the
prominence of the Ly-α-line (at 1216 A˚) should strengthen
towards later spectral types. Hence, these characteristics are
well usable for spectral classification.
We compared the flux-calibrated IUE spectrum7 of
HR3672 with template spectra from Pickles (1998).
Thereby, we re-sampled the UV spectrum of HR3672 to
match the resolution of the comparison spectra. The re-
sampled IUE spectrum of HR3672 together with the spec-
tral templates of early to late type B stars are shown in
Fig. 6.
7 obtained from the IUE archive http://sdc.laeff.inta.es/ines/
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Figure 6. The IUE spectrum of HR3672 (black) compared to
template spectra (grey) of early to late type B stars from Pickles
(1998). The spectrum of HR3672 is most consistent with a late
type B dwarf with a spectral type between B7V to B8V.
We find that the slope of the spectrum of HR3672
is clearly flatter than the ones of the comparison spectra
earlier than B6V, while it is steeper then the slope of the
B9V template spectrum. Furthermore, the Ly-α-line in the
spectrum of HR3672 is more prominent than the Ly-α-
lines in the spectral templates earlier than B6V, while it
is clearly weaker than the one of the B9V comparison spec-
trum. Hence, both the shape of the continuum, as well as
the strength of the detected Ly-α-line are consistent with
a spectral type between B7V and B8V and we will exclude
B6IV from our further investigations.
c© 2012 RAS, MNRAS 000, 1–10
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Table 5. Photometry data from Vizier for HR3672A
Bmag Vmag Ref.
- 5.83±0.03 Hog & von der Heide (1976)
5.731±0.003 5.842±0.003 Kharchenko (2001)
5.69±0.01 5.82±0.01 Lasker et al. (2008)
- 5.847±0.011 Mermilliod (2006)
- 5.846±0.002 Hauck & Mermilliod (1998)
- 5.844±0.017 Guarinos (1995)
5.740±0.004 5.850±0.003 Myers et al. (2001)
5.687±0.014 5.818±0.009 Ammons et al. (2006)
- 5.845±0.006 Slawson et al. (1992)
4.3 Mass and Age of HR3672A
The B-type star HR3672 (HIP45314) has different pub-
lished V-band and B-band magnitudes that are for-
mally not consistent within their errors in each band.
HR3672 might be a variable star (Samus et al. 2009),
thus, we take the median value with standard de-
viation from the V-band magnitudes published in
the last decade (Kharchenko 2001; Lasker et al. 2008;
Mermilliod 2006; Myers et al. 2001; Ammons et al. 2006,
see Tab. 5), yielding V = 5.842 ± 0.015mag. With the
same procedure we obtain for the B-band magnitude
B = 5.721 ± 0.027mag. The JHK magnitudes are measured
by 2MASS (J = 6.061 ± 0.019mag, H = 6.154 ± 0.033mag,
Ks = 6.134± 0.027mag), see Cutri et al. (2003). Using
B and V magnitude we derive an intrinsic colour of
(B− V) = −0.121 ± 0.042mag, consistent with a B6-7
main-sequence star (Kenyon & Hartmann 1995).
We will calculate the extinction AV, effective
temperatures T and bolometric corrections B.C. (as
well as masses and ages) for B7V and B8V in
the following. With the BVJHK colours and effective
temperatures listed in Bessell et al. (1998) we obtain
Teff = 13000
+1000
−1100 K and BCV = −0.85± 0.20mag leading
to AV = 0.05 ± 0.04mag for a B7V star (using the ab-
sorption models by Cardelli et al. 1989; Rieke & Lebofsky
1985; Savage & Mathis 1979). For a B8V star we ob-
tain Teff = 11900
+1100
−1400 K, BCV = −0.66± 0.24mag and
AV = 0.00± 0.04mag.
With magnitudes, AV values, distances and bolo-
metric corrections we obtain Lbol = 212± 65L⊙ and
Lbol = 170± 67L⊙ for B7V and B8V, respectively. With
effective temperatures and luminosities, we now can esti-
mate age and mass of HR3672 using the models for stel-
lar evolution from Bertelli et al. (1994); Claret (2004) and
Schaller et al. (1992). To account for possible uncertainties
in the determination of the spectral type and different model
temperatures we allow a relative error of one spectral type
for the effective temperatures and search for the closest
isochrones and mass-tracks in the model (within the error
box from temperature and luminosity) and interpolate lin-
early between neighbouring data points (note, the model
from Schaller et al. 1992 has 1 100 data points, whereas the
model from Claret 2004 has 61 000 data points).
First, we calculate the masses and ages for a B7V
star. For solar metallicity we obtain 3.75M⊙, 3.98M⊙
and 4.00M⊙ (for the models from Bertelli et al. 1994;
Claret 2004 and Schaller et al. 1992, respectively), i.e. with
Figure 7. Mass tracks in the stellar evolution models of Claret
(2004). The error-bars for the luminosity are calculated from the
errors of the magnitude, parallax, extinction and bolometric cor-
rection and the error for the temperatures is assumed to be one
spectral type. We also show the zero age main sequence (ZAMS,
dotted line) and the termination age main sequence (TAMS, full
line).
median and standard deviation from all models we ob-
tain 3.91± 0.14M⊙. With the same models we obtain the
ages 79Myr, 27Myr and 59Myr, and a median age of
59± 37Myr, respectively. For a B8V star we get masses
of 3.45M⊙, 3.16M⊙ and 3.00M⊙ (with same order of
the models), hence 3.20± 0.23M⊙ and ages of 158Myr,
225Myr and 223Myr (for the models from Bertelli et al.
1994; Claret 2004 and Schaller et al. 1992, respectively),
hence 223 ± 38Myr. These values for luminosity, tempera-
ture and mass are fully consistent with log g = 4 for a B 7-8
main sequence star. In both cases, HR3672 lies well on the
main sequence (see Fig. 7), between ZAMS and TAMS.
HR3672 was identified as probable member of the pos-
sible open cluster HIP 45189 by Platais et al. (1998) and is
located in or near the Vela OB association. Using the radial
velocity measurements, proper motions and trigonometric
parallaxes we can check, whether the Platais 9 cluster ac-
cording to Platais et al. (1998) with previous Hipparcos data
(Perryman & ESA 1997) is still a cluster with the revised
Hipparcos data (van Leeuwen 2007) and radial velocties. We
have calculated the U, V and W heliocentric velocity com-
ponents in the directions of the Galactic center, Galactic
rotation, and north Galactic pole, respectively, with the for-
mulation developed by Johnson & Soderblom (1987) for the
members of the Platais 9, Trumpler 10 and IC 2391 clus-
ter, as shown in Fig. 8. Note that the right-handed system
is used and we applied corrections for solar motion with re-
spect to the local standard of rest (LSR) (Dehnen & Binney
1998) and galactic rotation of the sun (Vgal,⊙ = 220 km/s,
see Kerr & Lynden-Bell (1986)).
Fig. 8 shows that the 5 stars of the cluster Platais 9 (in-
cluding our star HR3672), for which both proper motions
from Hipparcos and radial velocity (Gontcharov 2006) are
known, do cluster in all three velocities (and in location in
space anyway). The stars of the cluster Trumpler 10 and
IC 2391 also shown in Fig. 8 also do form a cluster in all 3
velocities, which are similar to Platais 9, but the locations in
space are different. With this results from our calculations
we can confirm the conclusions from Platais et al. (1998),
that HR3672 is a member of the cluster called Platais 9.
c© 2012 RAS, MNRAS 000, 1–10
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Figure 8. U, V, and W heliocentric space motions (right-handed
system) with errors for the members of Platais 9 (circle), Trum-
pler 10 (square) and IC 2391 (asterisk) calculated from data ac-
cording to Anderson & Francis (2012) (for details, see Tab. B1).
The space motions are corrected for solar motion with respect
to the local standard of rest (LSR) (Dehnen & Binney 1998) and
galactic rotation of the Sun (Kerr & Lynden-Bell 1986). Accord-
ing to Platais et al. (1998), HR3672 is a member of the possible
HIP 45189 cluster. The results from our calculations show that
the members of the Platais 9 cluster, including HR3672, do clus-
ter in UVW and space. Similar UVW results can be obtained for
Trumpler 10 and IC 2391, but locations in space are different.
Using colour-magnitude-diagrams (CMD) and theoret-
ical isochrones from Yale Rotating Evolution Code
(Demarque et al. 2008) Platais et al. (1998) found an age
for the cluster HIP 45189 and HR3672A of ∼ 100Myr, but
applied no correction for reddening, i.e. the objects may be
shifted to blue colours and, hence, lower ages.
HR3672 has a non-detection in the ROSAT All-Sky Sur-
vey with an upper limit to the X-ray luminosity be-
ing 3.006 µW, i.e. log(Lx/Lbol) < −6.45 (Berghoefer et al.
1996). This ratio gives only a very high age upper limit
of several Gyr (Mamajek & Hillenbrand 2008). This con-
sideration holds, if the X-ray emission would come
from the primary. If the emission would come only
from the secondary, and we assume the maximum
X-Ray emission for M-type stars (see below) with
log(Lx/Lbol) ∼ −3 (Fleming et al. 1993), then the up-
per age limit would be roughly ≈ 70Myr according
to X-ray - Age correlation by Preibisch & Feigelson
(2005) for 0.2− 0.4 solar mass stars. It also turns out,
that even at this young age the X-ray luminosity of
HR3672B is too low for detection.
4.4 Mass of HR3672B
Since the only observable for the determination of the mass
of HR3672B is the magnitude difference in the K-band, we
calculate the absolute K-band magnitude of HR3672 A for
a B7V and B8V star, respectively, taking the absorption in
the K-band AK into account. With the absorption models
by Cardelli et al. (1989); Rieke & Lebofsky (1985) and
Savage & Mathis (1979) and the values for AV (see above)
we obtain AK = 0.006 ± 0.005mag for a B7V star and
AK = 0.000 ± 0.005mag for a B8V star, respectively. Using
the apparent K-band magnitude Ks = 6.134 ± 0.027mag
(Cutri et al. 2003) and distance we obtain an abso-
lute K-band magnitude of MK = 0.10± 0.24mag for
HR3672A+B together (unresolved).
With ∆Ks = 6.28 ± 0.13mag between HR3672 B and
A, and distance, we obtain MK,A = 0.099 ± 0.236mag
for HR3672A, and MK,B = 6.38 ± 0.48mag for the B-
component in K-band. At 59± 37Myr, for a B7V star,
we derive a mass of 0.30 ± 0.1M⊙ and 0.3± 0.1M⊙
from evolutionary models by Baraffe et al. (1998) and
Siess et al. (2000). In case of a B8V star we obtain an
age of 223± 38Myr and masses of 0.40 ± 0.05M⊙ and
0.4± 0.1M⊙ from Baraffe et al. (1998) and Siess et al.
(2000), respectively. Using empirical relations by
Delfosse et al. (2000) and the absolute magnitude in
K-band, we derive a mass of 0.38± 0.05M⊙. Hence,
HR3672B would be a low-mass stellar object of spectral
type M.
4.5 Limits on further companions
For the co-added image (VLT NACO 2004+2008), no addi-
tional companion candidates were detected within 13 ′′. As-
suming an age of ∼ 60Myr (see Sec. 4.3), sub-stellar objects
would be detectable outside of 0.7 ′′ (or ∼ 112AU). For an
age of 1Myr, sub-stellar objects would be detectable outside
of 0.2 ′′. Hence, HR3672 B would be a sub-stellar object.
The determination of the dynamic range is done by
measurement of the 5σ level above the background noise
in the co-added image from both epochs. We compared the
measured background flux from groups of 3× 3 pixels with
the flux of the central star HR3672 A. In Fig. 9 we plot the
flux ratio between background and HR3672 A for the co-
added images.
5 CONCLUSIONS
From the archival data of HR3672/HIP 45314 obtained with
VLT NACO with 4 yrs epoch difference, we could reject
(> 3σ) the background hypothesis, that HR3672 B is unre-
lated to HR3672 A. Hence, HR3672 A and B form a common
proper motion pair. The small change in separation and the
irregularity of the position angle may indicate orbital mo-
tion. No additional companions were detected within 13′′.
Using unpublished IUE UV-spectra, we could narrow the
spectral type of HR3672 A down to a B7-8 main-sequence
c© 2012 RAS, MNRAS 000, 1–10
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Figure 9. Dynamic range of HR3672 for the co-added images
from 2004-12-16 and 2008-02-15 in Ks-band. We plot the log flux
ratio between background and HR3672A as function of the sep-
aration in arc-seconds. The dashed-dotted line (blue) indicates
the defraction limit of the VLT/UT4 (D = 8.2m) in the Ks-
band (λ = 2.18µm). The full (red) line shows the measured
5σ noise-level. Objects below this line cannot be detected. The
background-level remains constant at ∆Ks = 9.2mag for sepa-
rations outside of 1.5 ′′ (0.05M⊙ at 60Myr). At 100AU (0.6
′′
at 161.3 pc), we could detect companions with 7.7mag difference
(0.11M⊙ at 60Myr); other companions as faint as HR3672B
could be detected for > 0.3 ′′ (or 48AU). Furthermore we show the
brown-dwarf limit (75MJ) for 60Myr as dashed line (red). Hence,
sub-stellar objects were detectable outside of 0.7 ′′ (or ∼ 112AU).
star. With evolutionary models from Bertelli et al. (1994);
Claret (2004) and Schaller et al. (1992), respectively, we de-
rive a mass range of 3 to 4 M⊙ for HR3672 A. From models
we obtain ages of ∼ 60Myr for a B7V star, and ∼ 220Myr
for a B8V star, respectively.
By comparison of U, V, W heliocentric space motion with
surrounding cluster we can confirm HR3672 to be a member
of the cluster Platais 9 (Platais et al. 1998) with an age of
about 100Myr.
The magnitude difference between HR3672A and B is
∆Ks = 6.28 ± 0.13mag, and with Ks = 6.134 ± 0.027mag
(2MASS) for HR3672 A+B, we get Ks = 12.42 ± 0.28mag
for HR3672 B. Given the magnitude difference and age of
HR3672A of 60 to 220Myr we derive a mass of 0.15 to
0.5M⊙ from evolutionary models (e.g. Baraffe et al. (1998),
or Siess et al. (2000)) and empirical mass-luminosity rela-
tions by Delfosse et al. (2000). Hence, HR3672 B is a low
mass star. The high uncertainties in mass of B can be de-
creased by taking spectra of HR3672 B to get the physical
parameters with small uncertainties.
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Figure A1. self-calibration result; pixel scale for 2008/02/15
APPENDIX A: PLOTS
For completeness we show the results of self-calibration for
pixel scale and detector orientation for all epochs with same
remarks as Fig. 3.
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Figure A2. self-calibration result; detector orientation for
2008/02/15
APPENDIX B: TABLES
Figure A3. self-calibration result; detector orientation for
2004/12/16
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Table B1. Kinematic Parameter for Members of selected Cluster for UVW space velocity
Group HIP R.A. (J2000.0) Dec. (J2000.0) pi µα µδ RV Reference
deg deg mas mas yr−1 mas yr−1 km s−1 for RV
Platais 9 44816 136.999 -43.433 5.99±0.11 -23.4±0.70 14.4±0.7 17.6±0.3 1
45189 138.127 -43.613 4.71±0.46 -22.72±0.48 12.87±0.38 15.4±3.7 2
45270 138.394 -47.338 6.40±0.25 -25.23±0.25 14.24±0.23 15.0±1.1 1
45314 138.534 -44.146 6.20±0.27 -24.90±0.26 13.13±0.19 20.0±2.9 1
45344 138.602 -43.228 5.33±0.26 -23.6±0.9 8.7±0.9 15.0±4.2 1
45395 138.766 -48.504 5.00±0.63 -22.43±0.56 13.17±0.51
45820 140.138 -44.283 4.74±0.56 -24.2±1.0 13.8±1.1
46024 140.796 -44.965 5.54±0.48 -25.36±0.43 13.58±0.36
Trumpler 10 42939 131.293 -41.427 2.22±0.86 -12.89±0.59 7.17±0.66
43055 131.574 -42.759 2.54±0.75 -11.99±0.57 7.00±0.58
43087 131.643 -42.791 3.09±0.95 -12.34±0.67 8.20±0.71
43128 131.772 -45.075 2.81±0.33 -12.85±0.30 6.34±0.25 32.0±4.5 1
43182 131.95 -42.273 2.82±0.49 -12.86±0.37 6.13±0.40
43209 132.037 -42.463 2.07±0.30 -12.50±0.27 6.22±0.24 30.0±4.5 1
43285 132.264 -43.761 2.63±0.53 -12.04±0.50 7.68±0.41 20.0±7.4 2
43520 132.959 -44.151 1.94±0.33 -12.75±0.34 5.93±0.25 22.0±3.5 1
IC 2391 41644 127.374 -54.212 4.47±0.28 -16.6±1.0 17.7±1.0 10.1±4.0 3
42121 128.792 -54.206 4.12±0.33 -14.72±0.32 15.77±0.34 10.0±7.4 2
42216 129.098 -53.037 4.10±1.19 -15.8±1.3 25.7±1.3 22.0±7.4 2
42274 129.294 -53.259 6.46±0.57 -24.96±0.55 23.0±0.5 6.0±7.4 2
42374 129.6 -53.722 7.06±0.43 -23.72±0.46 22.00±0.42 21.0±7.4 2
42400 129.687 -53.09 6.23±0.33 -25.53±0.36 21.84±0.3 11.7±3.5 1
42450 129.819 -52.314 5.55±0.69 -24.69±0.65 22.41±0.57 12±999 4
42459 129.849 -53.44 7.33±0.24 -23.90±0.24 23.46±0.22 15.0±4.2 1
42504 129.99 -53.055 7.37±0.34 -25.5±1.2 20.8±1.0 14.5±1.2 5
42535 130.073 -53.015 6.79±0.26 -25.30±0.27 23.14±0.24 14.6±4.3 1
42536 130.073 -52.922 6.61±0.35 -25.1±0.9 25.0±0.9 16.1±0.7 1
42702 130.542 -52.968 6.06±0.43 -25.60±0.46 23.23±0.42 -2.6±4.4 1
42714 130.576 -53.902 7.81±0.94 -25.05±0.95 23.22±0.87 12.0±7.4 2
42715 130.579 -53.1 6.53±0.26 -21.8±1.2 24.3±1.1 16.8±1.78 2
42726 130.606 -53.114 6.73±0.17 -24.84±0.18 23.23±0.18 15.6±0.2 5
42809 130.842 -52.209 2.83±0.68 -23.92±0.60 22.00±0.55
42823 130.887 -52.004 6.90±0.59 -27.57±0.52 26.32±0.50
43071 131.597 -52.844 5.25±0.51 -21.5±1.6 22.5±1.4
43195 132.001 -52.85 7.05±0.24 -25.10±0.25 23.31±0.25 11.6±1.5 1
43433 132.696 -54.113 5.75±0.58 -23.1±2.2 19.6±1.8
Note. Kinematic data for Cluster member stars according to Anderson & Francis (2012) with radial velocities from 1: Gontcharov
(2006), 2: Kharchenko et al. (2007), 3: Levato et al. (1996), 4: Turon et al. (1993) and 5: Pourbaix et al. (2004).
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